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(54) Vaccines containing hybrid polypeptides consisting of at least two different allergenic 
proteins 

(57) Hybrid polypeptides comprising at least two dif- 
ferent allergenic proteins or fragments thereof wherein 
each fragment consists of at least eight consecutive 
amino acids of the respective allergenic protein are dis- 
closed. The hybrid polypeptides and polynucleotides 
coding therefor can be used as pharmaceutical compo- 
sitions, in particular as vaccines. 
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Description 

[0001] Type I allergy is a genetically determined hypersensitivity disease affecting almost 500 million individuals 
worldwide. Immediate symptoms (allergic rhinoconjunctivitis. asthma, anaphylactic shock) as well as late symptoms 
5 (atopic dermatitis, certain forms of allergic asthma bronchiale) are based on the recognition of allergens by IgE anti- 
bodies. Immediate symptoms result from the allergen-induced crosslinking of effector cell-bound IgE and the subse- 
quent release of biological mediators (e. g., histamine., leukotrienes) whereas late symptoms can be caused by IgE- 
mediated presentation of allergens to T cells and eosinophil activation. 

[0002] The only curative therapy approach, allergen-specific immunotherapy, is based on the systemic administration 
10 of allergens to patients in order to induce allergen-specific "unresponsiveness" (Noon, Lancet 1911, 1: 1572-1573; 
Bousquet et al. (1998) J Allergy Clin Immunol 102: 558-562; Durham and Till (1998) J. Allergy Clin. Immunol. 102, 
157-164). Using conventional technologies it has not been possible to produce pure allergens for specific immuno- 
therapy and hence, vaccination is performed with allergen extracts. These extracts consist of allergens and non-aller- 
genic components which are difficult to standardize. Therefore patients cannot be treated according to their specific 
is sensitization profile and anaphylactic side effects, due to the administration of allergenic material are frequently ob- 
served (Mellerup et al. (2000). Clin. Exp. Allergy 30, 1423-1429). 

It is an objective of the present invention to provide an advantageous composition for the treatment or prevention of 
allergic disorders. 

[0003] Surprisingly the inventors found that it is possible to generate hybrid allergens assembling the epitopes of 
20 immunologically distinct allergens for diagnosis and therapy of Type I allergy. The invention therefore relates to a hybrid 
polypeptide comprising at least two different allergenic proteins or fragments thereof wherein each fragment consists 
of at least eight consecutive amino acids of the respective allergenic protein. 

[0004] The allergenic proteins from which the hybrid polypeptide is derived may be a plant allergen. The different 
allergenic proteins may bo derived from a common source such as the pollens of a certain plant species. Several 

25 different allergenic proteins contained in the allergen source may be identified and used for the preparation of the 
hybrid polypeptide of the invention. The present invention, however, encompasses also a hybrid polypeptide comprising 
sequences derived from allergenic proteins from different sources. The term "allergenic proteins or fragments thereof" 
comprises also modifications of the allergens wherein the sequence of the naturally occurring allergen has been slightly 
modified by substitutions of single amino acids or nucleotides whereby the allergenic potential has been substantially 

30 maintained. 

[0005] Allergen sources from which the allergenic proteins are derived may be major grass pollen, mite, bee venom 
or animal hair dander allergens. Specific examples of allergenic proteins are the group 1 , group 2, group 4, group 5 
group 6, group 11, group 12 and group 13 allergens of major grass pollen, Der p 1 and Der p 2 (mite), phospholipase 
from bee venom and Fel d 1 (cat). 

35 [0006] In one embodiment the hybrid polypeptide comprises at least one complete allergenic protein. It may also 
comprise two different complete allergenic proteins. It is not only possible to combine different groups of allergenic 
grass pollen but also to combine allergenic proteins derived from different sources. In a particular embodiment all 
sequences of the hybrid polypeptide derived from allergenic proteins represent complete allergenic proteins. 
[0007] In another embodiment the hybrid polypeptide comprises at least one fragment of an allergenic protein wherein 

40 the fragment consists of at least eight consecutive amino acids of the respective allergenic protein. Preferably the 
fragment consists of at least 12, more preferably of at least 20 and most preferably of at least 30 consecutive amino 
acids of the respective allergenic proteins. In another embodiment all amino acid sequences derived from allergenic 
proteins are fragments of at least eight consecutive amino acids of the respective allergenic proteins from which they 
are derived. The preferred length of these fragments is at least 12, more preferably at least 20, most preferably at least 

45 30 consecutive amino acids of the respective allergenic protein. 

[0008] When fragments of allergenic proteins are employed it is possible to prepare a hybrid polypeptide comprising 
only fragments which have an allergenic activity which is lower compared with the respective allergenic proteins from 
which they are derived. This effect may be due to the destruction of epitopes by modified secondary or tertiary structure 
of the fragment compared with the full length protein. In the most preferred embodiment, the hybrid polypeptide has 

50 an allergic activity which is lower than the allergenic activity of each of the allergenic proteins from which the hybrid 
polypeptide is derived. Usually, the allergenic activity of the hybrid polypeptide is less than 50% of that of each of the 
allergenic proteins from which the hybrid polypeptide is derived. In a particular embodiment, the hybrid polypeptide 
has substantially no allergenic activity. 

[0009] According to the invention the allergenic activity of a sample is determined by determining the IgE antibodies 
55 which are induced in a test animal upon application of the sample. The allergenic activity is preferably defined in suitable 
in vitro or in vivo tests. A preferred in vitro test is the basophil histamine release assay as described in Vrtala et al., J. 
Clin. Invest. 1997, 99, pp. 1673-1681 . Alternatively the allergenic activity is determined in a skin test as described in 
van Hage-Hamsten et al. J. Allergy Clin. Immunol. 1999, 104, pp. 969-977 or in Pauli et al. Clin. Exp. Allergy 2000, 
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30, pp. 1076-1084. 

[0010] In one embodiment the hybrid polypeptide comprises two portions which are derived from two different aller- 
genic proteins. The hybrid polypeptide of the invention, however, may comprise three, four, five or even more portions 
each of which is derived from a different allergenic protein. 

5 [0011] The hybrid polypeptide of the invention does not necessarily consist only of amino acid sequences derived 
from allergenic proteins. It is possible that artificial sequences (e.g. spacer sequences) are inserted between the units 
representing sequences from different allergenic proteins. It is also possible that the amino acid sequences of the 
naturally occurring allergenic proteins are modified, e.g. by genetic engineering to introduce mutations which reduce 
the allergenic activity of the fragment. It is also preferred that the hybrid polypeptide comprises a "tag" sequence which 

10 facilitates the purification of the hybrid polypeptide upon expression in a host cell. An example of a "tag" is the hexa- 
histidine tag which allows purification by Ni 2+ chelate chromatography. Other tags are known in the art. 
[0012] The hybrid polypeptide of the invention may be prepared by several methods. In one embodiment the polypep- 
tide is prepared by expressing a polynucleotide in a host cell. The host cell may be a procaryotic or a eucaryotic cell. 
If procaryotic cells are used the host is preferably E.coli. Examples of eucaryotic cells are yeast, insect cells or cell 

15 lines like CHO cells. After introducing a suitable polynucleotide encoding the polypeptide of the invention into a host 
cell the host eel! is cultured under conditions such that the polypeptide is expressed in the cell. The polypeptide may 
be secreted by the cell or accumulate inside the cell. Known purification methods can be used to recover the hybrid 
polypeptide from the cell or from the culture medium. 

[0013] The invention also encompasses the preparation of the hybrid polypeptide by chemical synthesis such as 
20 solid phase synthesis. 

[0014] The invention further concerns a polynucleotide encoding a hybrid polypeptide according to the invention. 
Due to the degeneracy of the genetic code many different polynucleotide molecules may encode a single polypeptide. 
The polyn ucleotide of the invention preferably is an expression construct for obtaining the polypeptide after expression 
in host cells. The expression construct may further comprise components which are generally known in the art such 
25 as promoter sequences, genes encoding resistance factors against antibiotics, a replication origin etc. 

[0015] The invention further relates to a cell transfected or transformed with a polynucleotide of the invention. The 
cell may be a eucaryotic cell or a procaryotic cell. Eucaryotic cells may be transfected by a method known per se such 
as calcium phosphate mediated transfection, electroporation, lipofection etc. 

[0016] The invention further relates to a pharmaceutical composition containing a polypeptide, polynucleotide or a 
30 cell according to the invention. The pharmaceutical composition may further contain a pharmaceutically acceptable 
carrier or diluent such as a buffer or salt solution. Preferably the pharmaceutical composition of the invention is a 
vaccine composition. In a particular embodiment the pharmaceutical composition further contains an adjuvant such 
as AI(OH) 3 . 

[0017] The invention also relates to a method for the preparation of a hybrid polypeptide of the invention. The method 
35 comprises providing a polynucleotide encoding a hybrid polypeptide, introducing said polynucleotide into a host cell, 
culturing the host cell thus obtained under conditions such that the hybrid polypeptide is expressed, and recovering 
the expression product from the cell. The polynucleotide may be prepared by methods known in the art, it is preferred 
that PCR technology is used to prepare the polynucleotide encoding the hybrid polypeptide. 

[001 8] The invention further concerns the use of a hybrid polypeptide, of a polynucleotide or of a cell of the invention 

40 for the preparation of a medicament for the treatment of an allergic disorder. 

[0019] Such a medicament may be composed of the polynucleotide encoding a hybride vaccine which can be used 
directly for DNA-based vaccination against Type I allergy. The recombinant or synthetic hybrid polypeptide may be 
used to prepare formulations for the oral, sublingual or parenteral treatment of Type I allergic disorders as they are 
now routinely used for immunotherapy. Examples are formulations for sublingual immunotherapy or adjuvant bound 

45 hybrid polypeptides for injection immunotherapy. Possible applications comprise also cell based forms of immuno- 
therapy which may be based on e.g., dendritic cells or other antigen presenting cells. Those cells are transformed and 
express the antigen in vivo. Preferably autologous cells transformed with suitable vectors are used. 
[0020] One mode of applications may be the subcutaneous injection of adjuvant-bound hybrid polypeptides. Another 
possibility is the oral or nasal administration of the hybrid polypeptide in order to induce immunological tolerance or 

50 anergy against the components of the hybrid polypeptides. All these possible formulations can be prepared according 
to rules (dosage, adjuvants, schemes of administration) which are known to the person skilled in the art. 
[0021] The invention also relates to the use of a hybrid polypeptide, of a polynucleotide, or of a coll of the invention 
for the preparation of a medicament for prophylactic vaccination or tolerance induction. Prophylactic administration of 
hybride polypeptides means the administration of the polypeptide to individuals, preferentially children, who do not yet 

55 suffer from Type I allergy in order to induce a state of immunological tolerance, anergy or non-responsiveness, or a 
protective immunity against the components of the hybrid vaccine. This may be achieved by the various protocols 
outlined for treatment of an established allergic disorder. The prophylactic treatment may be performed with hybrid 
polypeptides consisting of hybride polypeptides or the polynucleotides coding for the hybrid polypeptides as outlined 
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before. 

[0022] In a further embodimentthe invention relates to the use of a hybrid polypeptide of the invention for the detection 
of antibodies against an allergenic protein in a sample. The antibody may be an IgM, lgE : IgG or IgA antibody. The 
concentration of the antibody may be determined from a sample which has been obtained from a body fluid. The sample 

5 may be derived from animals or humans. Such tests may use a solid phase-immobilized hybrid polypeptide or the 
hybrid polypeptide in the fluid phase. Examples for such tests may be ELISA tests. Western blotting tests or any other 
test where the hybrid polypeptide is immobilized to bind specific antibodies out from the test sample. Alternatively the 
hybrid polypeptide is added directly to the antibody-containing fluid in order to adsorb specific antibodies as e.g., is 
done for competitive immunological assays. 

w [0023] The polypeptide of the invention may also be used for cellular tests such as aT-cell proliferation test, mediator 
release test etc. The hybridpolypeptide may be exposed to various types of cells in order to elicit measurable responses. 
Such responses may comprise the release of histamine or other mediators (e.g., leukotriens, serotonine, ECP) in the 
case of allergic effector cells (e.g., basophils mast cells, eosinophils). In another type of assay the proliferation or death 
(e.g., apoptosis) of cells may be measured e.g., by the uptake of 3 H Thymidine or any other suitable assay. Such cells 

15 may be T cells. Furthermore, hybrid polypeptides may be used to induce the release of cytokines or other immunolog- 
ically relevant substances (e.g., from T cells) that can be measured. Furthermore, they may be used for antigen pres- 
entation assays. The hybrid polypeptide of the invention may also be used for diagnostic screening purposes. Hybrid 
polypeptides may be also used for in vivo provocation testing. Such tests may comprise skin testing (e.g., skin prick 
or intradermal testing), nasal provocation testing, all forms of food challenge testing or bronchial provocation testing. 

20 [0024] Since hybrid polypeptides can contain epitopes of unrelated allergens they may be used for diagnostic screen- 
ing tests (in vitro, in vivo as outlined above) in order to detect sensitization or unresponsiveness against one of the 
components of the hybrid polypeptide. This may allow to provide the physician with a diagnostic test which is suited 
to screen for sensitized patients in a fast way. Currently such tests (e.g., Phadiatop, Pharmacia, Uppsala, Sweden) 
consist of a mixture of non-covalently bound allergens which arc coupled to one carrier. Therefore, the coupling rate 

25 of the individual components is difficult to control whereas a hybrid polypeptide would represent a preferential formu- 
lation for the preparation of such a screening test. 

[0025] More than 40% of allergic patients are sensitized to grass pollens from different species. Grasses are also 
important allergen sources because of their worldwide distribution and heavy pollen production. They contain a variety 
of different allergenic components which occur as crossreactive allergens in different monocots. The inventors dem- 
30 onstrated that it is possible to generate by recombinant DNA technology hybrid allergens which consist of immunolog- 
ically unrelated allergens and their epitopes. 

[0026] In a first step frequent co-sensitizations were determined using purified recombinant timothy grass pollen 
allergens to select the most frequently recognized allergen combinations for the hybrid allergen approach. According 
to the pilot experiments hybrids consisting of immunologically unrelated major timothy grass pollen allergens were 

35 engineered. They comprised hybrids of the major timothy grass pollen allergens Phi p 5/Phl p 1 , Phi p 2/Phl p 6 and 
a combination of all four molecules. As demonstrated for Phi p 2/Phl p 6 we found no evidence that a certain order of 
engineering the individual components would affect the presentation of epitopes. Both, the rPhl p 2/Phl p 6 hybrid and 
the rPhl p 6/Phl p 2 hybrid preserved the relevant B and T cell epitopes of the components. The giant consisting of all 
4 allergens also contained the relevant epitopes of the single components. 

40 [0027] The hybrid allergen approach will open new avenues for diagnosis and treatment of Type I allergy. Hybrids 
consisting of the most frequently recognized allergens with preserved epitopes represent candidate molecules for in 
vitro as well as in vivo allergy screening tests. The giant described in the present application will likely identify more 
than 95% of timothy grass pollen allergic patients when used for diagnosis, because it resembles most of the relevant 
IgE epitopes present in natural timothy grass pollen extract. Molecules such as the giant can be produced also for 

45 other allergen systems (e. g., mite allergy). The advantage of using hybrid allergens for diagnosis is that they can be 
produced in a well controlled manner. In contrast to natural allergen extracts, which consist of a difficult to standardize 
mixture of allergens and non-allergen ic materials, hybrid allergens will contain the relevant epitopes in a well defined 
ratio. 

[0028] Recombinant hybrid allergens can also be used for immunotherapy. They can either be composed of the 
50 biologically active components or of hypoallergenic allergen units. Hybrid allergens covering frequent co-sensitization 
patterns may then be used forthe treatment of allergies to complex allergen sources, e.g.. grass pollen allergy because 
they resemble the relevant epitopes of the complete extract. Since the hybrid allergens consist of defined components 
it will be possible to produce well defined formulations for vaccination treatment. Hybrid allergens produced out of 
hypoallergenic variants will be tolerated in high doses and thus can be used like vaccines regularly used for prevention 
55 of viral infections. In this respect it may be considered to use hybrid allergens containing the epitopes of the most 
relevant allergens for prophylactic vaccination or tolerance induction even in not yet sensitized individuals. 
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Description of the tables and figures: 

[0029] Table 1 shows the percentage inhibition of IgE binding to recombinant Phi p 2 and Phi p 6 achieved after 
preadsorption of sera from 20 patients with the hybrid allergens (rPhl p 2/rPhl p 6, rPhl p 6/rPhl p 2) or the recombinant 
5 allergens (rPhl p 2 } rPh! p 6). 

[0030] Table 2 shows the percentage inhibition of IgE binding to recombinant Phi p 1 , Phi p 5, and Bet v 1 achieved 
after preadsorption of sera from 20 patients with the hybrid allergen rPhl p 5/rPhl p 1 or the recombinant allergens 
(rPhl p 1 , rPhl p 5, and rBet v 1 ). 

[0031] Figure 1 shows the frequency of co-sensitization to timothy grass pollen allergens rPhl p 1, rPhl p 2, rPhl p 
10 5, and rPhl p 6 as determined in a population of 110 grass pollen allergic patients. 

[0032] Figure 2 outlines the construction of hybrid vaccines. The fusion of the two genes (e.g. Phi p 5, Phi p 1) is 
mediated by a two-step PCR reaction, creating overlapping ends in the first PCR reaction followed by the amplification 
of both sequences in a second PCR step. 

[0033] Figure 3 shows the result of example 3. Purified timothy grass pollen allergens (rPhl p 1 , rPhl p 2, rPhl p 5, 
is and rPhl p 6) and hybrids of them (rPhl p 5/rPhl p 1 , rPhl p 2/rPhl p 6, and rPhl p 6/rPhl p 2) were loaded on a SDS 
polyacrylamide gel and stained with Coomassie brilliant blue. Molecular weights are displayed at the left margin. 
[0034] In figure 4 (A) a purified recombinant hybrid consisting of Phi p 6/Phl p 2/Phl p 5/Phl p 1 was dotted on 
nitrocellulose filters. In row (B) rPhl p 2 (lane 1 ,3,4 ..and 5) and rPhl p 5 (lane 2) was immobilized. Filters were incubated 
with rabbit anlisera against rPhl p 1 (lane 1 ), rPhl p 2 (lane 2), rPhl p 5 (lane 3), and rPhl p 6 (lane 4). The filler in lane 
20 5 was exposed to a mouse monoclonal anti-His-tag antibody. 
[0035] The following examples further illustrate the invention: 

Example 1: Determination of frequent co-sensitization patterns 

25 [0036] Grasspollen contain a variety of immunologically distinct and related allergens. These components are rec- 
ognized at different frequencies and intensities. Recombinant timothy grass pollen allergens, rPhl p 1 , rPhl p 2, rPhl p 
5, and rPhl p 6, were previously identified as the most important components which resemble most of the IgE epitopes 
of natural grass pollen extracts (Niederberger et al. (1998) IgE antibodies to recombinant pollen allergens (Phi p 1, 
Phi p 2, Phi p 5, and Bet v 2) account for a high percentage of grass pollen-specific IgE. J Allergy Clin Immunol 101 : 

30 258-264). The results of the evaluation of co-sensitizations in 11 0 grass pollen allergic patients to combinations of the 
recombinant timothy grass pollen allergens are displayed in Figure 1 . ELISA testing with purified recombinant allergens 
showed that 60% percent of the patients were co-sensitized to rPhl p 1 and rPhl p 5, 30% contained IgE antibodies to 
rPhl p 2 and rPhl p 6 and 30% reacted simultaneously to ail four recombinant allergens (Figure 1 ). Previous competition 
studies had indicated that a mixture of the above four allergens contained the majority of IgE epitopes preseni in~8 

35 different monocot pollens (grasses, corn) (Laffer et al. (1 996) Comparison of recombinant timothy grass pollen allergens 
with natural extract for diagnosis of grass pollen allergy in different populations. J Allergy Clin Immunol; 98: 652-658). 

Patients sera, antisera and recombinant allergens: 

40 [0037] Sera of 1 1 0 allergic patients were characterized by a positive timothy grass pollen RAST (radioallergosorbent 
test) result and by determination of IgE antibodies to timothy grass pollen extract by Western blotting as described 
(Niederberger et al. (1998) J Allergy Clin Immunol 101 : 258-264). The recombinant timothy grass pollen allergens rPhl 
p 1 , rPhl p 2, rPhl p 5, and rPhl p 6 were purified as described previously (Vrtala et al. (1995) J.Atlergy Clin. Immunol 
97: 781-787; Vrtala etal. (1999) J. Immunol. 163:5489-5496). The rabbit anti-rPhl p 1, anti-rPhl p 2, anti-rPhl p5 : and 

45 anti-rPhl p 6 antisera were raised against purified rPhl p 1 , rPhl p 2, rPhl p 5, and rPhl p 6 using CFA (Charles River, 
Kissleg, Germany). 

Example 2: Construction of recombinant hybrid allergens 

so [0038] The protocol for the construction of recombinant hybrid allergens is displayed in Figure 2. As exemplified for 
a hybrid consisting of rPhl p 5 linked to rPhl p 1 , cDNAs coding for the components are amplified with suitable primer 
pairs (Figure 2: Phi p 5: w, x; Phi p 1 : y, z) in order to create overlapping ends. In a subsequent second PCR reaction, 
a cDNA comprising both cDNAs is created with primers specific for the 5' end of the first cDNA (Phi p 5: w) and the 3' 
end of the second cDNA (Phi p 1 : z) using both PCR products of the first reactions as templates. Using this technology 

55 we produced recombinant hybrids consisting of a combination of Phi p 5/Phl p 1 , rPhl p 2/rPhl p 6, rPhl p 6/rPhl p 2 
and of all four allergens (N-terminus-rPhl p 6-rPhl p 2-rPhl p 5-rPhl p 1 -C-terminus), the latter referred to as the "giant". 
[0039] Construction of expression plasmids for rPhl p 5/rPhl p 1-, rPhl p 2/rPhl p 6-, rPhl p 6/rPhl p 2-, and rPhl p 
6/rPhl p 2/rPhl p 5/rPhl p 1 hybrid proteins: 
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[0040] The cDNAs of Phi p 5 and Phi p 1 were obtained by polymerase chain reaction using the primers 5'GGA ATT 
CAT ATG GCC GAT CTC GGT TAG 3' (SEQ I D NO: 1 )and 5' CGG GGT ACC GAC TTT GTA GCC ACC AGT 3' (SEQ 
ID NO: 2) for Phi p 5 and 5' CGG GGT ACC ATG ATC CCC AAG GTT CCC 3' (SEQ ID NO: 3) and 5' CGG GAT CCT 
CAG TGG TGG TGG TGG TGG TGC TTG GAC TCG TAG CTG GT 3' (SEQ ID NO: 4) for Pht p 1 . The signal peptide 

5 of Phi p 5 was replaced by a Ndel restriction site, containing the ATG start codon at the 5'end of the coding region. A 
Kpnl restriction site was introduced at the 3'end of Phi p 5 replacing the stop-codon. The Phi p 1 sequence, lacking 
the signal peptide, started with a Kpnl restriction site at the 5'end. At the 3'end a nucleotide street coding for a Hexa- 
histidine-tag was introduced, followed by a stop codon and a BamHI restriction site. The PCR products were inserted 
as Ndel/Kpn I/Bam HI fragment into a pET17b expression vector. 

10 [0041] The Phi p 2/Phl p 6 and Phi p 6/Phl p 2 sequences were constructed using PCR based 'gene soeing (17). In 
a first PCR reaction the cDNAs of Phi p 2 and Phi p 6 were amplified using the primers 5' GGA ATT CAT ATG GTG 
CCG AAG GTG ACG 3' (SEQ ID NO: 5), and 5' CGT GGC CTT CCC CAT AAG CTT CTC TTC TGG CGC GTA GGT 
3' (SEQ ID NO: 6) for Phi p 2 and 5' AAG CTT ATG GGG AAG GCC ACG ACC 3' (SEQ ID NO: 7) and 5' C GGG ATC 
CTA GTG GTG GTG GTG GTG GTG CGC GCC GGG CTT GAC AGC 3' (SEQ ID NO: 8) for Phi p 6 to create overlapping 

is ends. In a subsequent PCR reaction the two agarose gel purified PCR products (using QIAGEN gel purification kit) 
were used as templates and amplified using the primers 5* GGA ATT CAT ATG GTG CCG AAG GTG ACG 3' (SEQ ID 
NO: 9) and 5' C GGG ATC CTA GTG GTG GTG GTG GTG GTG CGC GCC GGG CTT GAC AGC 3' (SEQ ID NO: 10). 
The signal peptide of Phi p 2 was replaced by a Ndel restriction site at the 5'end, the stop codon at the 3'end was 
removed. In the Phi p 6 sequence, also lacking the signal peptide, a Hexahistidine tag was introduced followed by a 
so stop codon and a BamHI restriction site. The resulting Phi p 2/Phl p 5 construct was inserted as a Ndel/BamHI fragment 
into the pET1 7b expression vector. 

[0042] The Phi p 6/Phl p 2 sequence was constructed using the same method with the PCR primers 5' GGA ATT 
CAT ATG GGG AAG GCC ACG ACC GAG 3' (SEQ ID NO: 11 ) and 5' CAC CTT CGG CAC CAT AAG CTT CGC GCC 
GGG CTT GAC AGC 3* (SEQ ID NO: 12) for Phi p 6 and 5' AAG CTT ATG GTG CCG AAG GTG ACG 3' (SEQ ID NO: 
25 1 3) and 5' C GGG ATC CTA GTG GTG GTG GTG GTG GTG CTC TTC TGG CGC GTA GGT 3' (SEQ ID NO: 1 4) for 
Phi p 2 in the first PCR reaction and the primers 5' GGA ATT CAT ATG GGG AAG GCC ACG ACC GAG 3' (SEQ ID 
NO: 15) and 5' C GGG ATC CTA GTG GTG GTG GTG GTG GTG CTC TTC TGG CGC GTA GGT 3' (SEQ ID NO: 1 6) 
for the second PCR reaction. The resulting Phi p 6/Phl p 2 construct was inserted in the pET17b vector as a Ndel/ 
BamHI fragment. 

30 [0043] For the construction of the Phi p 6/Phl p 2/Phl p 5/Phl p 1 hybrid ("giant") the Phi p 6/Phl p 2 construct was 
taken as a template in a PCR reaction using the primers 5' GGA ATT CAT ATG GGG AAG GCC ACG ACC GAG 3' 
(SEQ ID NO: 17) and 5' GGG ATT TCC ATA TGC TCT TCT GGC GCG TAG G 3' (SEQ ID NO: 18) replacing the 
3'Hexahistidine tag and the stop codon by an Ndel restriction site. The sequence was cloned into the pET17b vector, 
containing the Phi p 5/Phl p 1 construct as a Ndel fragment. The right orientation of the insert was examined by re- 

35 striction digest. 

Example 3: Expression and purification of hybrid allergens 

[0044] Recombinant hybrid allergens with a C-terminal hexahistidine tag were expressed in E. coli BL21 (DE3) and 
^o purified by Nickel affinity chromatography. The rPhl p 2/rPhl p 6 and rPhl p 6/rPhl p 2 hybrid were purified from the 
soluble cytoplasmic fraction of E. coli extracts whereas the rPhl p 5/rPhl p 1 hybrid and the "giant" were solubilized 
from the insoluble inclusion body fraction of E. coli in urea. Figure 3 shows a Coomassie-stained SDS-PAGE containing 
three of the hybrids and the single recombinant allergens. The molecular mass determined by SDS-PAGE correspond- 
ed to the molecular weight calculated for the hybrids on the basis of their deduced amino acid sequence (rPh I p 5/rPhl 
45 p 1 :60kDa ; rPhl p 2/rPhl p 6 and rPhl p 6/rPhl p 2:22kDa ; "giant": 82kDa; data not shown). 

Experimental protocol: 

[0045] All constructs were expressed in E.coli BL21 (DE3). Cells were grown in LB-medium containing 100mg/l 
50 ampicillin to an OD 600 of 0.8. The expression of the recombinant proteins was induced by adding isopropyl-p-thioga- 
lactopyranoside (IPTG) to a final concentration of 0.5mM. After 4 hours at 37°C cells were harvested by centrifugation. 
[0046] rPhl p 2/rPhl p 6 and rPhl p 6/rPhl p 2 wore expressed as soluble proteins. Cells were resuspended in lysis 
buffer (50mM NaH 2 P0 4 , 300mM NaCI. 10mM imidazole, pH 8.0) and lysed with an ultraturrax (Polytron, Kinematica 
AG, Switzerland). The lysate was centrif uged at 1 0,000xg for 30min at 4°c to pellet the cellular debris. The supernatant 
55 was loaded on a Ni-NTA column (QIAGEN), the proteins were eluted with 250mM imidazole and dialyzed against water. 
[0047] rPhl p 5/rPhl p 1 and rPhl p 6/rPhl p 2/rPhl p 5/rPhl p 1 were expressed in the inclusion body fraction. Cells 
were resuspended in 1 0mM Tris, 0.1% Triton, pH 7.4 and lysed by adding lyso?yme to 1mg/ml. After centrifugation at 
1 4 OOOxg for 20min at 4°C the pellet was washed 4x with 5mM Tris pH 8.0, 0.05M NaCI, 0.25% Desoxicholate, 0.25mM 
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p-Mercaptoethanol and once with 10mM Tris. pH 8.0.3% isopropanole. Inclusion bodies were solubili?ed with 8M urea, 
100mM NaH 2 P0 4 , 10mM Tris, pH 8.0. After centrifugation at 14 OOOxg for 20min the supernatant was loaded on a 
Ni-NTA column (Qiagen). The proteins were renatured on the column using a linear 6M-1M urea gradient in 500mM 
NaCI, 20% glycerol, 20mM Tris, pH 7.4) over a period of 1 .5h (1 8). Proteins were eluted by addition of 250mM imidazole 
5 and dialyzed against PBS pH 7.4. 

Example 4: Hybrid allergens contain the relevant epitopes of their components 

[0048] Recombinant hybrid allergens contained the complete primary amino acid sequences of their components 
10 and thus the complete repertoire of T cell epitopes of the single allergens. The presence of B cell epitopes was inves- 
tigated with antibodies of predefined specificity for the individual components and by immunological competition ex- 
periments. Figure 4 shows that the "giant" is recognized by antisera raised against rPh I p 1 , rPhl p 2, rPhl p 5 and 
rPhl p 6, respectively (Figure 4, row A: 1-4). The correct expression of the C-terminal hexahistidine tag was demon- 
strated by the reactivity of a mouse monoclonal anti-Histag antibody which specifically recognized the "Giant (Figure 
is 4: row A, 5) but not rPhl p 2 containing no hexahistidine tag (Figure 4: row B, 5). Recombinant Phi p 2 (row B: 1 , 3, 4) 
and rPhl p 5 (row B: 2) (negative controls) did not react with the antisera (Figure 4: row B). 

[0049] Next we investigated whether the hybrid allergens can be used to block the binding of grass pollen allergic 
patients (n=20) IgE antibodies to the individual components (Tables 1, 2). Table 1 shows that the rPhl p 2/rPhl p 6 as 
well as the rPhl p 6/rPhl p 2 hybrid inhibited IgE binding to both of the components (rPhl p 2, rPhl p 6) in a comparable 
20 manner as the single recombinant allergens (approximately 80% inhibition of IgE binding). Likewise, we found that the 
rPhl p 5/rPhl p 1 hybrid inhibited IgE binding of the 20 patients to both, rPhl p 1 and rPhl p 5, as efficient as the single 
components (average inhibition 85%) (Table 2). No inhibition was observed when sera were preadsorbed with the rPhl 
p 5/rPhl p 1 hybrid and reacted with an unrelated allergen (major birch pollen allergen, Bet v 1 ) whereas rBet v 1 caused 
almost complete autoinhibition (83% inhibition) (Table 2). 

25 

Experimental protocol: 

[0050] ELISA competition experiments: 

[0051] Sera from 20 patients were diluted 1:10 in Tris-buffered saline (TBS) for the inhibition with rPhl p 5/rPhl p 1 
30 and 1 :5 for inhibition with rPhl p 2/rPhl p 6 and rPhl p 6/rPhl p 2. The sera were preadsorbed overnight at 4°C either 
recombinant Phi p 1 , Phi p 5, Phi p 5/Phl p 1 , Phi p 2, Phi p 6, Phi p 2/Phl p 6, Phi p 6/Phl p 2, Bet v 1 , or BSA (10^g/ 
ml). ELISA plates were coated with recombinant Phi p 1 , Phi p2. Phi p5, Phi p6, and Bet v 1 (5u,g/ml) at 4°C overnight. 
The ELISA was performed as described (Niederberger et al. (1998) J Allergy Clin Immunol 101 : 258-264). 

35 Dot blots: 

[0052] Aliquots of approximately 1 u.g of purified, recombinant Phi p 6/Phl p 2/Phl p 5/Phl p 1 , and rPhl p 5 and rPhl 
p 2 as negative controls, were dotted on nitrocellulose membranes. Filters were blocked with TBS, 1% BSA, 0.05% 
Tween-20 for 1 hour and incubated with rabbit anti-Phi p 1 , anti-Phi p 5 (diluted 1 :5000), anti-Phi p 2 (diluted 1 :500), 

40 anti-Phi p 6 (diluted 1 :2000) sera, and a mouse monoclonal anti-Hexahistidin Ab (Dianova, Germany) diluted 1:1000 
in TBS, 1%BSA, 0.05% Tween-20. Filters were washed 3x with TBS, 0.05% Tween-20, incubated with a secondary 
alkaline phosphatase-coupled goat anti-rabbit IgG antibody (Jackson) and for the His-tag detection with a alkaline 
phosphatase-coupled anti-mouse IgG antibody (PharMingen) diluted 1 :1000 in TBS, 1%BSA, 0.05% Tween-20 for 1 
hour, and washed 3x with TBS, 0.05% Tween-20. Colour reaction was started by adding NBT/BCIP (300ug/ml) and 

45 stopped by the addition of water. 
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Claims 

1 . A hybrid polypeptide comprising at least two different allergenic proteins or fragments thereof wherein each frag- 
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ment consists of at least eight consecutive amino acids of the respective allergenic protein. 

2. A hybrid polypeptide according to claim 1 wherein the hybrid polypeptide comprises at least one complete allergenic 
protein. 

5 

3. A hybrid polypeptide according to claim 2 wherein the hybrid polypeptide comprises at least two complete allergenic 
proteins. 

4. A hybrid polypeptide according to claim 1 wherein the hybrid polypeptide comprises at least one fragment of an 
10 allergenic protein which fragment has a substantially reduced allergenic activity compared with the allergenic pro- 
tein from which it is derived. 

5. A hybrid polypeptide according to claim 4 wherein the hybrid polypeptide comprises fragments of at least two 
different allergenic proteins all of which fragments have a substantially reduced allergenic activity compared with 

is the respective allergenic proteins from which they are derived. 

6. A hybrid polypeptide according to any of claims 1-5 characterized in that it comprises at least three different 
allergenic proteins or fragments thereof. 

20 7. a polynucleotide encoding a polypeptide according to any of claims 1 -6. 

8. The use of a polynucleotide according to claim 7 for the preparation of a DNA vaccine. 

9. A coll transfected or transformed with a polynucleotide comprising a polynucleotide according to claim 7. 

25 

10. A pharmaceutical composition containing a polypeptide according to any of claims 1-6, a polynucleotide according 
to claim 7 or a cell according to claim 9. 

11. A pharmaceutical composition according to claim 10 which is a vaccine composition. 

30 

12. A pharmaceutical composition according to claim 10 or 11 further containing an adjuvant. 

1 3. A method for the preparation of a hybrid polypeptide according to any of claims 1 -6 comprising the following steps: 

35 a) providing a polynucleotide encoding the hybrid polypeptide; 

b) introducing said polynucleotide into a host cell; and 

c) culturing the host cell obtained in step b) under conditions such that the hybrid polypeptide is expressed; and 

d) recovering the expression product from the cell. 

40 14. A method according to claim 13 wherein the polynucleotide encoding the hybrid polypeptide is prepared using 
PCR technology. 

15. A method for the preparation of a hybrid polypeptide according to any of claims 1-6 characterized in that the 
polypeptide is prepared by chemical synthesis. 

45 

16. The use of a hybrid polypeptide according to any of claims 1 -6, or of a polynucleotide according to claim 7, or of 
a cell according to claim 9 for the preparation of a medicament for the treatment of an allergic disorder 

17. The use of a hybrid polypeptide according to any of claims 1 -6, or of a polynucleotide according to claim 7 or of a 
so cell according to claim 9 for the preparation of a medicament for prophylactic vaccination or tolerance induction. 

18. The use of a hybrid polypeptide according to any of claims 1-6 for the detection of antibodies against an allergenic 
protein in a sample. 

55 19. The use according to claim 18 wherein the detection is performed by in vitro antibody tests, tests using cells and 
in vivo tests. 
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